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Abstract Saussurea DC.[] a highly diversified genus with about 400 species in the Asteraceae[] 
has been an extremely difficult group in both taxonomical and phylogenetic studies. The monophylet- 
ic origin[] infrageneric classification and systematic positions of some species with unique gross mor- 
phology remain unclear for this genus. The main aim of this study was to examine infrageneric rela- 
tionships of Saussurea as inferred from molecular evidence against the existing supraspecific classifi- 
cation on the basis of the morphological characteristics. In addition[] we intended to use phylogenetic 
analyses of DNA sequence data to investigate systematic position and relationship of each species in 
sect. Pseudoeriocorynd] subgen. Eriocoryne|] and test the monophyly of this section[] which is likely 
to be established based on the morphological characters with convergent evolution. We sequenced 
chloroplast DNA trn L-F for all four species of sect. Pseudoeriocoryne and other 33 species[] which 
represent the recognized five subgenera in Saussurea[] and conducted a phylogenetic analysis together 
with 14 related genera in the Cardueae Cass. The variation of trn L-F sequences is very low among 
the sampled species in spite of their extremely diverse morphology. Five subgenera in Saussurea de- 
limitated based on morphological characters were unrecognized on all most parsimonious trees. Sect. 
Pseudoeriocoryne is a polyphyletic group[] and the four species in this section were found to be dis- 
tantly related to each anothei[] and showed no close relationship with the other species in subgen. 
Eriocoryne . The morphological characters to circumscribe this section had separately evolved four 
times. An 18-bp insertion was identified for S. polycolea var. acutisquama in sect. Pseudoamphi- 
laena of the subgen. Amphilaena and other four species] S. hieracioides[] S. superba[] S. tat- 
sienensis and S. katochaete from the subgen. Saussurea . This long and unique insertion was only 
recognized for these five species in the total Cardueae[] and it must have evolved before the 
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morphological diversification of this species complex. However] this insertion was not found in S. 
polycolea and another population of S. katochaete . Therefore[] the insertion found in S. polycolea 
var. acutisquama and S. katochaete might have resulted from haplotype introgression or retaining 
because of hybridization. This study demonstrates for the first time that species even within a genus 
had also undergone convergent evolution in their morphology under the same ecological selection 
pressure of the Qinghai-Tibet arid habitats. This implication is especially important for those re- 
searches] which study relationships of the species distributed there and name taxonomical entities 
based exclusively on the gross morphology. In addition[] our preliminary results indicate that Saus- 
surea provides a typical case for studying rapid speciation[] reticulate and convergent evolution under 
the arid habitats. 

Key words  SaussureaL] trn L-F[] phylogeny[] convergent evolution . 







































































































































































































































































































































































































































































































































































































































































00 UU UU Saussure DC.ODODODDO DO OO DD ODO DDD DDD DDo0 00000 
ODO MDD0 DO DD ODO DD ODO DD ODO DD OD MODO DADO odoo HU LI 
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DODdO0DDO0D00 000500000000 subgen. Jurineal] Baill.[] Lipsch. 00 O O 
O O subgen. Eriocorynel] DC H Hook. £. O O O subgen. Amphilaend]] Stschegl.[] Lipsch.[] 
LU D D] subgen. Theodoreal] Cass.[] Lipsch. OO O O O subgen. Florovial] DC.[] Lipsch. [] 
UU BD LI D subgen. Saussurea N UU DO DUU UUUUUUUUUUIHUUUUU 





138 Uu ee pb üu 420 





uütpuuguggmpuaupppBuuuiupbpmupuuuiuutuiulututlulut 
üugangguggaggaggm 0 O 099900 00000000000 0198500 O 
O 1996 lOhba & Malla 198800 DO 0 000 UU S. ceratocarpa Decne.) S. cardui- 
cephalad] el! Win QDOOOUOOUUUMUODODUUUUODUUUUUUUUUWOO 
DODO DO DO DDD DOO0 DDD OOO DD OO DDD 00000000000 
üuguggmumuupgapBapgagButbIimuttiuiudgbtuttuitubtutlulu 
Suum utut urueeer] ü uadutuututututtutuutttututLututLu 
(UU DUDU UU L Rheum nobile Hook. f. € Thomson [] 00000000000 
(DUDU DUDU DU DUU OO Erophyton wallichii Beth. O D] D] D. DL] D] U UO DU. Do U U 
DODO DO OD MD ODO DD OO DDD OOO DO 0000000000 
pod00000 DD DD D DD DU D Omori & Ohbal] 19960 Omori et al. [] 2000[] Terashima 
et al.[] 19930] 1995[] Tsukaya €: Tsuge 20010 DO I ED] HH B]. D] DO D]. B] DD D. D] UI HU. DI 
DDUDUDUDDDUUDDUDUUIUUDUDUDDHUIUDDUUDUDUDDHUIUDDOUUD 
DOBg 0 do dnd go 000000000000 00000 O O 01994) Petit et ad D 
19961] 
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DOOO00D0D0 000 DDD ODO DD ODO DDD OO D0 000 NOD 00000000 
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DODBO Dd 000 MODO DO ODO OOO DDD 0000 M0 Do0o0o0o00000 
DOOOD00 000000 MOOD 0000 DO DD 00000000000 m0 ubt 
O ED E] O ET]. Pelser et al [] 2002[T] 

HHN EET 26 AT a anota EVER ET EE EE Emo DIET ETSI 
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000000000000 40000000 S. morldi Hemsl. 00 0000 S. 
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DDUUIUUDUDUDDUUDDDUDUDUDUDUDDUUDDUDUDHIUDUUDUDUDUDUD 
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O DNADODOOo OO CTAB Doyle & Doyle] 198700 TmL-FOOOUUOL" e” 
5'-CGAAATCGGTAGACGCTACG-3' []". f" 5'-ATTTGAACTGGTGACACGAG-3[] Taberlet et al.[] 
1991[T] 50 mL[] 0 D] U D] UH] D] 0 25 mO x Tris-HCl [] O OO pH 9.2[] 25 mmol/L KOD 
1.5 mmol/L MeCL[5 mL[] dNTP a mil] 8 mmol/L] O“ c0“ f"[] 2.5 mil] 2 mmol/L] Taq 
O 0.3 mI] Unit/mI[T] OO O 10 mil] 12.5 mml/I O O UU 0/0 *C 1 mint] E] O 94 1 
min[ 55 °C 20 s[172 *C 50 sM O 20 WU 94 % 20 s[55 % 20 sU72 % 50 sM O 38 U 00 
72 CO0 4mn0 00000 PCR [1 O O O CASpure PCR Purification K O OO O00 U 
uBppaopnppunupnumnuapdapgugputgrutuutut]r eU CU Amersham 
O O O DYEnamic Dye Terminator Cycle Sequencing Kit [] [] O D] D] L]) PERO O DIDI 000 
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Table 1 Origin of materials and accession numbers in GenBank] The infrageneric classification is according to Lips- 
chit4] 197911] 























































































































un un 0000 ood 
Taxon Locality Voucher * GenBank Acc. No. 

0000 Saussurea DC. 

UD UI D Subgen. Eriocorynd] DC.[] Hook. f. 

UD U UU Sect. Pseudoeriocoryne Lipsch. 
00000 0000 0o00 AY328120 
S. thoroldii Hemsl. Madoi[] Qinghai OJ. Q. Liu[] 813 
00000 000000 000 AY328091 
S. kingú C. E. C. Fisch. Doilungdéqén[] Xizang [ J. Q. Liu[] 1104 
00000 OOOO Odd AY328103 
S. thomsonii C. B. Clarke Ulan[] Qinghai OS. G. Wu] k-784 
00000 OOOO 0o00 AY328110 
S. stella Maxim. Yushu[] Qinghai OJ. Q. Liu[] 856 

00000 Sect. Eriocorynd] DC.[] Kitam. 
00000 OOOO 000 AY328107 
S. depsangensis Pamp. Chindu[] Qinghai OJ. Q. Liu[] 839 
00000 0000 000 AY328106 
S. gnaphalodes] Royle[] Sch .-Bip. Chindu[] Qinghai OJ. Q. Lial 837 
00000 0000 Odd AY328102 
S. medusa Maxim. Huangyuan[] Qinghai OJ. Q. Liu[] 800 

0000 Subgen. Florovid] DC.[] Lipsch. 
00000 0000 Odd AY328123 
S. qinghaiensis S. W. Liu & T. N. Ho Yushu[] Qinghai O0 Z. D. Weil] 22470 

00000 Subgen. Saussurea 

OOOO Sect. Saussurea 
00000 0000 000 AY328127 
S. acuminata Turcz. ex Fisch. & Mey. Huzhul] Qinghai O J.Q. Liu[] 001 
00000 0000 0o00 AY328117 
S. hieracioides Hook. f. Qusum[] Xizang OJ. Q. Liu[] 1150 
00000 0000 Odd AY328118 
S. tatsienensis Franch. Baiyü[] Sichuan OJ. Q. Liu[] 669 
0000000 0000 000 AY328131 
S. cf. tatsienensis Franch. Nanggén[] Qinghai OJ. Q. Liu[] 1002 
0000000 0000 0o00 AY328132 
S. cf. tatsienensis Franch. Nanggén[] Qinghai O J. Q. Lil] 1016 
0000000 Un Odd AY328130 
S. cf. tatsienensis Franch. Bagén[] Qinghai O J. Q. Liu[] 1077 
0000000 0000 Odd AY328129 
S. cf. tatsienensis Franch. Qamdo[] Xizang OJ. Q. Lil] 1233 
00000 0000 000 AY328111 
S. superba Anth. Zhidoi[] Qinghai OJ. Q. Liu[] 929 
00000 OOOO 000 
S. umbrosa Kom. Huzhul] Qinghai O J. Q. Liu[] 009 AY328125 
00000 0000 Odd AY328124 
S. parviflora] Poir.[] DC. Huzhu[] Qinghai OJ. Q. Liu[] 006 
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poo oooO 0000 
Taxon Locality Voucher * GenBank Acc. No. 

OU UU Sect. Lagurantherd] C. A. Mey. ex Endl.[] Lipsch. 
000000 00000 000 AY328101 
S. davurica Adams Golmud[] Qinghai OJ. Q. Liu[] 692 

D OO Sect. Pycnocephala Lipsch. 
00000 0000 0o00 AY328116 
S. tibetica C. Winkl. Madoi[] Qinghai OJ. Q. Liu[] 826 
00000 00000 000 AY328113 
S. brunneopilosa Hand .- Mazz. Qumarléb[] Qinghai OJ. Q. Liu[] 962 

OU DO Sect. Acaules C. B. Clarke 
00000 0000 000 AY328108 
S. bella Ling Chindu[] Qinghai OJ. Q. Liu[] 852 
00000 OOOO Odd AY328100 
S. katochaete Maxim. Qamdo[] Xizang OJ. Q. Liu[] 1258 
00000 0000 000 AY328119 
S. katochaete Maxim. Zhidoi[] Qinghai OJ. Q. Liu[] 935 
00000 0000 000 AY328104 
S. subulata C. B. Clarke Madoi[] Qinghai OJ. Q. Lull 814 

DUO O Sect. Cyathidium|] Lindl. ex Royle Ling 
00000 0000 0o00 AY328093 
S. coriacea Y. L. Chen & S. Y. Liang Nangqên[] Qinghai [] J. Q. Liu[] 1008 
00000 0000 UU AY328095 
S. ceterach Hand.-Mazz. Gyaca[] Xizang OJ. Q. Liu[] 1159 
000000 0000 000 AY328094 
S. polypodioides Anth. Nanggén[] Qinghai OJ. Q. Liu[] 1017 
00000 OOOO 000 AY328098 
S. przewalskii Maxim. Jomda[] Xizang OJ. Q. Liu[] 1266 
00000 0000 0o00 AY328126 
S. yunnanensis Franch. Qamdo Xizang O J. Q. Liu[] 010 
00000 00000 0o00 AY328114 
S. rhytidocarpa Hand.-Mazz. Qumarléb[] Qinghai OJ. Q. Lil 972 

0000 Subgen. Theodored | Cass.[] Lipsch. 

U DO Sect. Theodorea 
00000 0000 UD AY328122 
S. chingiana Hand.-Mazz. Huzhul] Qinghai OJ. Q. Liu[] 004 
00000 0000 UU AY328121 
S. amard] L.[] DC. Huzhu[] Qinghai OJ. Q. Liu[] 002 

00000 Sect. Maritimad] Nakai[] Lipsch. 
00000 0000 0o00 AY328092 
S. nematolepis Ling Nangqên[] Qinghai OJ. Q. Liu[] 1003 

0000 Subgen. Amphilaend ] Stschegl.[] Lipsch. 

0000 Sect. Pseudoamphilaena Lipsch. 
0000 0000 UD AY328128 
S. polycolea Hand.-Mazz. Madoi[] Qinghai OJ. Q. Liu[] 824 
OOOO s. polycolea Hand . -Mazz. uuu DDT AY328112 
var. acutisquamd] Ling[] Lipsch. Zhidoi[] Qinghai OJ. Q. Liu[] 931 
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un ood 0000 ood 
Taxon Locality Voucher * GenBank Acc. No. 
0000 Sect. Amphilaena 
0000 0000 000 AY328097 
S. obvallatd] DC [] Edgew. Jomda[] Xizang OJ. Q. Lial 1265 
0000 UU Odd AY328109 
S. erubescens Lipsch. Yushu[] Qinghai OJ. Q. Liu[] 855 
0000 0o00 Odd AY328134 
S. bracteata Decne. Madoi[] Qinghai OJ. Q. Lull 808 
0000 0000 0o00 AY328099 
S. globosa Chen Jomda[] Xizang OJ. Q. Liu[] 1267 
00000 unu Odd AY328105 
S. tangutica Maxim. Chindu[] Qinghai OJ. Q. Liu[] 834 
00000 0000 000 AY328096 
S. hookeri C. B. Clarke Déngqén[] Xizang OJ. Q. Liu[] 1255 
un oowoo 000 AY328115 
S. involucratd] Kar. & Kir.[] Sch.-Bip. without precise OJ. Q. Liu[] 005 
locality] Xinjiang 

una 0000 0o00 AY328133 
S. iodostegia Hance Huzhul] Qinghai [] J. Q. Liu[] 003 
Arctium lappa L. from GenBank AF129824 
Carduus nutans L. from GenBank AF129825 
Cirsium vulgard] Savi .[] Ten. from GenBank AF129826 
Cousinia hystrix C. B. Clarke from GenBank AF129827 
Cynara humilis Linn. from GenBank AF129829 
00000 0000 0o00 AY330342 
Dolomiaea tibetica S. W. Liu & J. Q. Liu Sangri[] Xizang OJ. Q. Liu[] 1137 
Echinops exaltatus Schrad. from GenBank U82030[] U82031 
Galactites tomentosa Moench. from GenBank AF129831 
Gerbera jamesonii Bolus ex Hook from GenBank U82036L] U82037 
Notobasis syriaca Cass. from GenBank AF129832 
Onopordum acanthium L. from GenBank AF129833 
Picnomon acarnd] L.[] Cass. from GenBank AF129834 
Ptilostemon afe] Jacq.[] Greuter from GenBank AF129835 
Silybum marianum{] L.[] Gaertn. from GenBank AF129836 


zDUDUDUDUDDUDUDDUDDUDUUDUDDUDUDUDU 00 HNWPTI 
All the vouchers are preserved in herbarium of Northwest Plateau Institute of Biology[] the Chinese Academy of Science$] HNWP[]. 
UUUIDDDUDUUDUDDODDUUIDDUOUDIUIDUUDDIDUUDDUIDODDDUI 
OOOO Uu sss UDD0UDDUUDUDUDUDOUDU DUDU Liu 10020 Liu 10770 O O 
UUIDDDDUIDUDUUUIDUUUDUIDUDUDUDIIDUDUDOUUUUUIDDUUI 
UUUUDUDDIUDUDDOUDUUUUDUIDUDDUUIDDUDUUUDUDUODUDUIU 
UDUUDUUODUDUDUramselflUDHUDUUDUUDUD-—00HUDUDUDUDUDUDUD 
OU 

00000000 000000 2000000 200000 2.44%0 
DO gd 000000000000 700000 M000000 100 DO =0.943[]Rr 
=0.935 0 =800 0000000000000 000000000 000000 
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4 
67 0 
0 
1 0 
1 
1 0 
60 9 
1 
1 
63 
1 1 
57 
An 18 bp insertion 
1 
52 
7 
D 
5 0 
99 1 
Q 
1 
66 
* 1 
74 57 
6 
ecc E 
A 44 bp deletion 
1 
3 
5 
5 
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S. bella SAUS 

S. qinghaiensis FROL 

S. coriacea SAUS 
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Fig. 1. One of seven equally parsimonious tree$] length = 880] CI = 0. 9431] RI = 0.9351] from analysis of trnL-F sequence data of 
Saussurea species and genera in the Cardueae. ERIO[] AMPH[] SAUS[] FROL and THEO following each species name are abbrevia- 
tions of Saussurea subgen. Eriocoryne[] subgen. Amphilaena[] subgen. Saussureal] subgen. Florovia and subgen. Theodorea respec- 
tively. Numerals above and below branches indicate branch length and bootstrap support. Dashed lines denote branches that collapse 
in the strict consensus tree. Solid bars indicate convergent evolution of the acaulescence and the synflorescence with congested capitula 
in the rosette and prostrate leaves. 
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Fig. 2. Neighbor-joining phylogeny under Kimura’ s two-parameter from analysis of trnL-F sequence data of Saussurea and genera 
in the Cardueae. ERIO[] AMPH[] SAUS[] FROL and THEO following each species name are abbreviations of Saussurea subgen. Erio- 
coryne[] subgen. Amphilaena|] subgen. Saussurea[] subgen. Florovia and subgen. Theodorea respectively. Numerals above branches 
indicate bootstrap support. Solid bars indicate convergent evolution of the acaulescence and the synflorescence with congested capitula 
in the rosette and prostrate leaves. Pale bars indicate the crudely estimated divergence time. 
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